DNA microarrays are powerful tools to detect changes in transcript abundance in multiple samples in parallel. However, detection of differential transcript levels requires a reproducible sample (target) preparation method in addition to a high-performance microarray. Therefore, we optimized a target-preparation method that converts the poly(A) + RNA fraction of total RNA into complementary DNA, then generates biotin-labeled complementary RNA from the cDNA. We measured the efficiency of incorporation of biotin-containing nucleotides by an enzymatic digestion, followed by resolution via analytical high-performance liquid chromatography (HPLC). When the target was hybridized to a sensitive and reproducible microarray platform, low coefficients of variation in both hybridization intensities and differential expression ratios across target preparations were observed. Nearly identical hybridization intensities and expression ratios are observed regardless of whether poly(A) + -enriched RNA or total RNA is used as the starting material. We show the ability to discern biological and production variability through the use of different lots of commercial samples as visualized by hierarchical clustering. Automation of the target-preparation procedure shows equivalence to the manual procedure, reproducible yields of target, and low variability as measured by hybridization to microarrays. Most importantly, RNA mixing experiments show a linear and quantitative amplification in probe hybridization signals for >6000 genes across the entire signal range.
DNA microarrays provide a powerful means to monitor the relative transcript abundance of many genes in parallel (Schena et al. 1995; Brown and Botstein 1999; Lockhart and Winzeler 2000) . Several factors are critical to obtain highquality microarray data, including a reproducible, linear sample (target) preparation method, a sensitive and reproducible microarray platform, accurate image-acquisition software, and efficient, reliable data mining and computational tools. The ability to measure the variance in each step of the microarray assay process requires both high-quality manufacturing and a reproducible assay (Ramakrishnan et al. 2002) . The ability to obtain high-quality data from a microarray platform enables an investigator to query the performance of the target-preparation procedure and its contribution to the overall variability because even low levels of variability in the target preparation can now be uncovered, measured, and tracked.
The available target-preparation methods can be divided into two groups: first-strand cDNA that is labeled or tagged with a capture sequence, or the generation of antisense RNA (aRNA) from double-stranded cDNA during an in vitro transcription (IVT) reaction. Labeled cDNA can be prepared via direct incorporation of a fluorophore-labeled nucleotide or through incorporation of an aminoallyl-labeled nucleotide, followed by coupling to a fluorophore containing an aminereactive group to the aminoallyl nucleotide (Schena et al. 1995 ; for review, see Lockhart and Winzeler 2000) . Alternatively, the first-strand cDNA can be tagged with a capture sequence that is used for subsequent detection steps (Stears et al. 2000) . DNA microarrays containing short oligonucleotide probes (<35 nucleotides long) require more target for each hybridization, which requires an amplification method with smaller sample sizes. Typically, the generation of aRNA (aRNA is also commonly called complementary RNA or cRNA) is preceded by first-strand synthesis of cDNA using an oligonucleotide primer containing a bacteriophage T7 RNA polymerase promoter proximal to an oligo(dT) sequence (van Gelder et al. 1990; Eberwine et al. 1992; Lockhart et al. 1996) . After second-strand cDNA synthesis and cDNA purification, an IVT reaction is performed using T7 RNA polymerase in the presence of labeled nucleotides. Alternatives to this labeling strategy produce unlabeled aRNA, followed by a cDNA synthesis in the presence of a fluorophore-labeled nucleotide (Wang et al. 2000) . Any target preparation method requires a linear amplification of the available transcripts to be representative of the transcript population.
The starting material in microarray experiments can be either poly(A) + -enriched RNA or total RNA (Lockhart et al. 1996; Mahadevappa and Warrington 1999; Wang et al. 2000; Yue et al. 2001 ). Use of poly(A) + RNA ensures a starting sample that is highly enriched in mRNA and possibly less contaminated by genomic DNA and total RNA. However, in cases where RNA quantities are limited, such as biopsy or lasercapture microdissection samples, it may not be possible to obtain sufficient quantities of total RNA to ensure that adequate quantities of poly(A) + RNA can be purified from the total RNA. Furthermore, the additional handling and manipulation of the sample during the poly(A) + RNA enrichment steps may introduce experimental artifacts. Recently, several reports have detailed methods and results starting with total RNA (Mahadevappa and Warrington 1999; Baugh et al. 2001; Zarrinkar et al. 2001) . However, none of these reports has shown the correlation of either expression levels or expression ratios obtained when starting with poly(A) + RNA compared with total RNA.
In this report, we have investigated the reproducibility of a target-preparation method that copies the messages into double-stranded cDNA, then amplifies the transcripts through the use of an IVT reaction (van Gelder et al. 1990; Eberwine et al. 1992; Lockhart et al. 1996) . We present data wherein the coefficients of variation in the hybridization intensities are 6%-9% across target preparations from an automated target-preparation procedure. This low variability enables the demonstration of biological variability where it exists and of the low variability when data generated from poly(A) + -enriched RNA and total RNA are compared. Lastly, experiments in which total RNA is mixed from different tissues show that this target-amplification procedure is linear and authentically represents the starting material.
RESULTS

Quantitation of Biotinylated Nucleotides into aRNA
The generation of a high and reproducible specific activity of target aRNA is important for reproducible microarray data with maximal detection sensitivity. Therefore, the specific activity of the target sample was measured after optimization of the target-preparation procedure from that reported by others (Langer et al. 1981; van Gelder et al. 1990; Eberwine et al. 1992; Mahadevappa and Warrington 1999; Hill et al. 2000; Baugh et al. 2001) . Published amplification protocols can produce a template-independent product in addition to amplifying the RNA of interest, thereby decreasing the specific activity of the final aRNA (Baugh et al. 2001) . To ensure that no nonspecific target is produced using this method, multiple aRNA target preparations showed a size distribution similar to the cDNA preparation when analyzed by capillary electrophoresis (data not shown). The amount and uniformity of biotin incorporation across target preparations were measured by an analytical method comprised of an enzymatic digestion of the biotinylated, complex aRNA into mononucleosides, followed by resolution using HPLC. A typical chromatogram measuring absorbance at 260 nm shows excellent resolution of the four mononucleosides and the two biotin nucleoside peaks (Fig. 1) . Biotinylated uridine and biotinylated cytosine were injected separately or coinjected with the digested aRNA to verify the identity of these peaks (data not shown). The incorporation frequency of the biotinylated cytosine and uridine can be calculated using the peak size as measured at 294 nm and the extinction coefficients of biotinylated uridine (13,000 M ‫1מ‬ cm ‫1מ‬ ) and biotinylated cytosine (9300 M ‫1מ‬ cm ‫1מ‬ ).
This calculation shows a fourfold better incorporation of biotinylated uridine than of the biotinylated cytidine. Furthermore, when combined with calculations for the unlabeled nucleosides, these calculations show that a biotinylated nucleotide was incorporated approximately every eight bases under these labeling conditions. Using this method, we have found high and reproducible specific activities across many tissues and target preparations (data not shown). Furthermore, these data showed the potential to reduce reagent costs in the assay through elimination of the biotinylated cytosine, owing to its lower incorporation rate, and through other measures. Based on experiments when biotinylated cytosine was eliminated from the in vitro transcription mix, biotinylated uridine was incorporated approximately every 10 bases, generating a high specific activity and comparable assay performance (data not shown). It is important to note that these data are all derived from digestion of a complex aRNA mixture and might not be representative of every transcript.
A Highly Reproducible Target-Preparation Method
Although a reproducible rate of incorporation of biotincontaining nucleotides across target preparations is desired, a reproducible transcriptional profile is the true goal. To test the reproducibility of the target-preparation procedure, four different aRNA preparations were generated from the same sample of placental total RNA (commercial source), then hybridized on one slide per preparation. Following the hybridization, detection, and image analysis, we calculated the coefficient of variation (CV) for the hybridization intensities for each probe (Fig. 2) . The majority of the CVs in the hybridization intensities were below 30%, with an average CV (calculated using every single data point) of 16%. A total RNA preparation extracted from the human hepatocarcinoma cell line HepG2 by standard methods using chaotropic salts and phenol was used to generate two independent target preparations (see Methods). The expression ratio generated from these two aRNA preparations was plotted as a function of the signal intensity (ideally, every ratio should be equal to 1). Again, low variability throughout the entire signal range was observed (Fig. 3A ). This variability is less than the variability reported in Hughes et al. (2001) . Low variability in the target preparation should also be evident when differential expression ratios are examined. To address this issue, expression ratios were determined by comparing two separate aRNA preparations each for the HepG2 cell line and from liver tissue. A plot of the expression ratio changes in experiment 1 versus those observed in experiment 2 reveals a high correlation (R = 0.984) between the two experiments ( Fig. 3B ), as would be expected if there is low variability in the target-preparation methods. A further demonstration of the low target-preparation variability was performed by generating 18 separate aRNA preps over three separate days from the same sample of total RNA across six different tissues or cell lines. The expression levels generated from each of these aRNA preps were then used to cluster the samples according to similarity using a hierarchical clustering algorithm (Fig. 4) . We found that the samples clustered into five major clusters and every sample was clustered correctly based on its tissue or cell line of origin. Within the first cluster, there were two clusters corresponding to skeletal and cardiac muscle. Within the second cluster, there were two clusters corresponding to the two different Burkitt's lymphoma cell lines used (Namalwa and CA46V1). Within the liver cluster, there were three clusters corresponding to the three different livers tested from three individuals. The clustering also showed high levels of correlation between the replicate aRNA preps generated from the same RNA sample.
Automated Target Preparation
Reproducibility and the number of success rates of the target preparation could be further enhanced by automation of each reagent addition, incubations, and purification steps. A QIA-GEN robot with hardware and software modifications to perform all of the processes required for target preparation was used to generate aRNA (see Methods). The automated method was found to be robust, with aRNA yields of 40-120 µg of aRNA generated from 5 µg of total RNA, and highly reproducible, with CVs in yields ∼10% except for lymphoma tissue, which had a CV of 18% (Fig. 5A ). Significantly, there were zero target-preparation failures (defined as a preparation with <30 µg of aRNA). This variability in yield between tissues could be due to the total RNA preparation or to the percentage of mRNA in each tissue's total RNA pool. Although these aRNA yields vary slightly less than a nonrobotic aRNA preparation technique obtained from multiple RNA sources, the Figure 2 CV versus signal intensity graph. Four separate target preparations were hybridized to Human UniSet I slides and the coefficient of variation (CV) was plotted versus the mean signal intensity for each gene. The 100-point moving trend line shows that the average variability is low throughput the signal range. The average threshold, which represents the mean signal intensity plus 3 times the standard deviation for a set of bacterial control probes, is shown in red.
Figure 3 Target preparation variability. (A) aRNA target was prepared in two separate reactions from 5 µg of HepG2 total RNA, then hybridized to independent microarrays. The ratio of the signal intensity for each gene between preparations is plotted versus the signal intensity. (B) The signal intensities for each gene obtained from two aRNA target preparations in A were compared with two separate aRNA target preparations from the same liver total RNA sample (5 µg of input total RNA). The logarithm (base 2) ratio correlation would be equal to 1.0 if the target preparations and arrays were perfect. observation of variation is consistent with a published report (Zarrinkar et al. 2001) .
The reproducibility of the transcriptional profiles was tested by selecting three random aRNA preparations from each tissue type for hybridization to microarrays. These three aRNA preparations per tissue were hybridized to duplicate microarrays for each target preparation, for a total of six microarrays per tissue. A microarray with sixfold probe redundancy for 1146 probes was used for the hybridizations to reduce the variability introduced by the microarray. For data analysis, the six spots corresponding to each probe were averaged to generate a single value for each probe per microarray to reduce variability attributable to the microarrays. A comparison of the variability versus the signal intensities for four of these tissues shows very low variability for all expression levels (Fig.  5B) . In all nine tissues, the average CV for all 1146 probes is below 10% (data not shown).
We next determined whether the automated target preparations produced equivalent results to manual target preparations. If the methods produce different microarray results, an investigator would be precluded from comparing data generated with the two target-preparation methods. We generated 18 aRNA samples, 6 manually and 12 robotically, from the same sample of total RNA over 2 d. Each aRNA preparation was hybridized in duplicate, and Pearson correlation coefficients were calculated for each pairwise comparison (Table 1) . From the data, it is apparent that there is an excellent linear correlation between hybridization intensities obtained when aRNA is generated from either the manual or automated target-preparation method. A comparison of the ratio of the average intensities for each gene between the manual and robotic data shows the two methods to be equivalent (average ratio = 1.07 ‫ע‬ 0.06; maximum ratio = 1.36).
Total RNA versus Poly(A) + RNA
Because the protocol developed in this study starts with total RNA instead of poly(A) + RNA, we determined whether similar expression levels would be measured regardless of starting material. Poly(A) + RNA was enriched from large pools of total RNA extracted from human liver or HepG2 cells by standard oligo(dT) chromatography. The total RNA and poly(A) + RNA samples were used to generate aRNA, then hybridized to microarrays. A more detailed view of the data presented in Figure 4 shows that the signal intensities for each gene are very similar, regardless of whether the starting material was total or poly(A) + RNA (Fig. 6A) . A comparison of the differential expression ratios between the HepG2 and liver aRNA targets shows an excellent correlation between the total and poly(A) + RNA ratios (Fig. 6B) . Significantly, the correlation coefficient is 0.95, and the slope of the regression line is 0.93, indicating very similar transcriptional profiles for aRNA target prepared from total RNA versus poly(A) + RNA.
Sensitivity of Target-Preparation Procedure
The sensitivity of the amplification procedure was measured by adding exogenous spikes of poly(A)-tailed control mRNAs into the input RNA. The results show an equivalent sensitivity of the target-preparation procedure for poly(A) + RNA versus total RNA when preparing a 1:150,000 or 1:6,000,000 mass-:mass dilution, respectively (data not shown). This approximates the percentage of mRNA in total RNA as 2.5%. These comparisons indicate that the sensitivity of the amplification procedure is equivalent from total or poly(A) + RNA as a function of the percentage of any individual mRNA in the mRNA pool.
A Linear Amplification Procedure
As is evident from these data, low target preparation variability should enable discrimination of samples where more subtle changes in transcript abundance are present. Thus, intensity changes should be reflective solely of the changes in transcript abundance if a linear relationship exists between the hybridization intensities and transcript levels, regardless of whether low or high expressors are examined. We confirmed this scenario by preparing RNA samples that were obtained by mixing brain and Burkitt's lymphoma total RNAs in Figure 4 Hierarchical clustering. Microarray data from 161 Human UniSet I microarrays, corresponding to 84 aRNA target preparations from total RNA isolated from 6 different tissues (duplicate microarrays for 77 target preparations and single microarrays for 7 target preparations), were clustered using the Pearson correlation coefficient. The blue color indicates no expression, and red indicates a high expression level. There was a single source for both muscle types, two different Burkitt's lymphoma cell lines, two separate harvests of HepG2 cells, three liver sources, and two placental sources.
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www.genome.org 20:80, 40:60, 60:40, and 80:20 proportions. Each RNA mixture was used to generate aRNA and hybridized to oligonucleotide arrays. The results show that each gene shows a linear relationship for these RNA mixtures (Fig. 7A,B) , although the slope is zero for nondifferentially expressed genes (data not shown). Further examination of the 3592 genes that are differentially expressed more than twofold in this mixture shows a linear response for each gene in the RNA mixtures (data not shown). The linearity of the intensities for each gene indicates that each transcript is amplified in a linear fashion, regardless of whether the gene was expressed at low, medium, or high levels in the two tissues. This same experimental approach was also used with mixtures of brain with placenta and brain with lymphoma RNAs with equivalent linear results (data not shown).
An additional question raised is whether the target-amplification and microarray results show the correct fold change for these mixtures. To address this issue, we calculated the ratio of the intensities of individual genes in the 40:20, 80: 40, and 80:20 brain:Burkitt's lymphoma mixtures for the 150 highest-expressed genes in brain that are absent in the Burkitt's lymphoma sample. These ratios indicate that, on average, the amplification is not only linear, but also faithfully represents the starting materials. The average amplification corresponds to the ratios of the input RNAs, and the standard deviation is very small (Fig. 7C) . The presence of a very different, complex mixture of RNAs and subsequent cDNAs does not appear to affect the amplification procedure of individual probes.
DISCUSSION
Analysis of differential gene expression using DNA microarrays requires both accuracy and precision in every step of the manufacturing and assay process. We have presented data here to thoroughly analyze the performance of the targetpreparation step of the assay process as monitored by both an analytical method and by microarray results. We provide evidence that a commonly used amplification scheme is linear for thousands of genes (Fig. 7) . Additionally, we show that the slope of the linear amplification depends on the amount of mRNA and that the average amplification faithfully represents the starting material (Fig. 7C) . In other words, a twofold increase in message corresponds to a twofold increase in signal. These data are in agreement with previous results showing a linear correlation between in vitro prepared transcripts spiked into a starting poly(A) + RNA sample at prescribed levels (Lockhart et al. 1996) , although the data presented here measure the naturally occurring transcripts present in total RNA. Experiments in which we spike in vitro prepared mRNAs into total RNA have similar results to naturally occurring messages. Furthermore, we reproducibly detect spiked messages present at 83 parts per billion for multiple transcripts spiked into total RNA. This target-preparation method is not only linear and sensitive, it is also very reproducible. The contribution of the manual target-preparation method to the overall variability is approximately one-third of the total variability, where the additional variability is introduced by the slide, hybridization, scanning, and spot quantitation procedures, as calculated using statistical blocking by ANOVA (data not shown). This conclusion differs from a published report that concluded that the target preparation had no contribution to the total variance (Yue et al. 2001 ). This discrepancy is most likely due to differences in the statistical techniques used to identify the sources of variability. Analysis of the robotic targetpreparation method indicates a lower amount of variability (Fig. 5B) . Part of the target-preparation variance occurs during the preparation of the reagent mixtures used for the different enzymatic steps (data not shown). Additional gains in reproducibility will most likely occur with reduced handling by the end user through the use of dried reagents and premade reagent mixes.
The robotic target-preparation procedure greatly increases the throughput of the entire microarray assay. Although the actual amplification technique described here is optimized to reduce the labor requirements for sample preparation, the throughput for the manual process is maximally 24 preparations/d per person. The robotic preparation method increases that throughput to 192 preparations/d, with less than a 1% failure rate (<30 µg of aRNA produced) when starting with 5 µg of total RNA input (D. Dorris and F. Dudzik, unpubl.) . The throughput and lower variability of the robotic method are a useful match for constructing expression profiling databases, for large experiments, and for molecular classification of cell and tissue types (DeRisi et al. 1997; Marton et al. 1998; Golub et al. 1999; Iyer et al. 1999; Alizedah et al. 2000; Bittner et al. 2000; Hughes et al. 2000; Perou et al. 2000; Shoemaker et al. 2001) . Identifying molecular markers for tissue types or disease states requires a stable target-preparation method as part of an assay that provides sensitivity and reproducibility, combined with a high-quality microarray (Ramakrishnan et al. 2002) .
The amount, quality, and type of the starting material are of paramount importance. Isolation of large quantities of RNA from tissue culture experiments or large tissue samples permits further purification of a sample to poly(A) + RNA. Unfortunately, this type of experiment will likely be in the minority in the future as expression profiling moves to biopsy samples, cell-sorted samples, and eventually laser-capture microdissection samples. Some microarray experiments use poly(A) + RNA instead of total RNA because of background and genomic DNA contamination issues (Stears et al. 2000) . Alternatively, some methods suggest using >25 µg of total RNA as the starting material for first-strand cDNA-labeling methods (Yue et al. 2001) . We can routinely start with <1 µg of total RNA input for the amplification procedure, followed by a single hybridization (D. Dorris and D. Trakas, unpubl.) . The data presented in Figure 6 indicate that using total RNA as the starting material produces equivalent results to poly(A) + RNA. Therefore, using the linear amplification procedure described here when starting with total RNA is appropriate to represent the transcriptional profile of the cells being tested. This detailed comparison of the transcriptional profiles of total RNA versus poly(A) + RNA indicates that the >95% of the content in total RNA that is represented by transfer and ribosomal RNAs does not have a deleterious effect on the amplification of the mRNA when using a modification of the original approach of Eberwine and colleagues (van Gelder et al. 1990; Eberwine et al. 1992 ). Whether there is an effect of tRNA and rRNA on random priming approaches of first-strand cDNA from total RNA labeling methods is unclear, yet possibly important to fully define the variability introduced when preparing samples for DNA microarrays using this method.
METHODS
RNA Preparation
Total RNA was purchased for all tissues and the Burkitt's lymphoma cell lines (Ambion; BioChain; Clontech), or prepared from the hepatocarcinoma cell line HepG2 using the TriZOL method (Invitrogen). The standard TriZOL RNA extraction 
Manual Target Preparation
We added 5 µg of total RNA to a reaction mix in a final volume of 12 µL containing 0.5 pmole/µL T7-(dT) 24 oligonucleotide primer. The mixture was incubated at 70°C for 10 min, then chilled on ice. With the mixture remaining on ice, 4 µL of ‫ן5‬ first-strand buffer, 2 µL of 0.1 M DTT, 1 µL of 10 mM dNTP mix, and 1 µL of Superscript II RNase H ‫מ‬ reverse transcriptase (200 U/µL) were added to a final volume of 20 µL, and the mixture was incubated in a 42°C waterbath for 1 h. Second-strand cDNA was synthesized in a final volume of 150 µL, in a mixture containing 30 µL of ‫ן5‬ second-strand buffer, 3 µL of 10 mM dNTP mix, 4 µL of Escherichia coli DNA polymerase I (10 U/µL), and 1 µL of RNase H (2 U/µL) at 16°C for 2 h. The cDNA was purified using a QIAGEN QIAquick purification kit, dried down by lyophilization, and resuspended in an IVT reaction mix containing 3.0 µL of nucleasefree water, 4.0 µL of ‫ן01‬ reaction buffer, 4.0 µL of 75 mM ATP, 4.0 µL of 75 mM GTP, 3.0 µL of 75 mM CTP, 3.0 µL of 75 mM UTP, 7.5 µL of 10 mM Biotin 11-CTP, 7.5 µL of 10 mM Biotin 11-UTP, and 4.0 µL of enzyme mix. The reaction mix was incubated at 37°C for 14 h, and the aRNA target was purified using an RNeasy Kit (QIAGEN). aRNA yield was quantitated by measuring the UV absorbance at 260 nm. The aRNA was fragmented in 40 mM Tris-acetate (TrisOAc; pH 7.9), 100 mM KOAc, and 31.5 mM MgOAc, at 94°C for 20 min immediately before hybridization with no further purification steps. This typically resulted in fragmented target with a size range between 100 and 200 bp. Target preparations containing spiked transcripts with exogenously added spikes (prepared in vitro) were added at a mass:mass ratio in a range from 1:6,000,000 to 1:200,000 into total RNA, or a range from 1: 300,000 to 1:1000 into poly(A) + RNA.
Automated Target Preparation
The automated target preparations followed the above protocol with the following modifications. All incubations were performed in microtiter plates in a thermal cycler containing a heated lid. All liquid and enzyme solution additions and purifications were performed on a QIAGEN BioRobot (model 9604 or 3000). cDNA purification and aRNA purification were performed using QIAquick 96 PCR purification kits and RNeasy96 kits (QIAGEN), respectively.
Digestion and Chromatography of aRNA
To generate nucleotide monophosphates, 4 U of P1 nuclease were used to digest 20-50 µg of aRNA. The enzyme was incubated with the aRNA at 55°C for 6 h, then at 37°C for 6 h in the presence of 10 U of calf intestine alkaline phosphatase to generate the nucleosides. The digested products were purified using Microcon YM-3 columns followed by centrifugation at 8000g for 30-60 min. The mix was then concentrated using a SpeedVac to 100 µL. This solution was analyzed on an HPLC column equilibrated with 0.03 M TEAA (Solvent A) at a flow rate of 1 mL/min. The following gradient was used: 0%-1% Solvent B (95% AcCN, 5% Solvent A1) over 5 min, 1%-15% Solvent B over the next 15 min, 15%-45% Solvent B over the next 30 min, 45%-100% Solvent B over the next 20 min, and hold at 100% Solvent B for 2 min. The concentration of the heterocycles was determined by the absorbance values at 260 nm (the wavelength where maximal absorption occurs for the heterocycles), and the biotin-containing nucleoside concentrations were determined by the absorbance values at 294 nm (the wavelength where maximal absorption occurs for biotinylated cytosine and biotinylated uridine).
Array Hybridization and Processing
We used 10 µg of fragmented target aRNA for hybridization of each UniSet Human I Expression Bioarray chip containing 9589 probes (these 9589 probes represent 9203 unique accession numbers [genes], corresponding to ∼8935 unique clusters and 386 control probes, selected initially from GenBank Unigene build #125) or for hybridization to a microarray containing probes corresponding to 1100 human genes, each spotted 6 times per array (Motorola Life Sciences). All probes on these microarrays are 30-mer oligonucleotides spotted by piezoelectric technologies and covalently attached to a polymeric surface (Ramakrishnan et al. 2002) . These microarrays were hybridized, washed, and processed using a direct detection method of the biotin-containing transcripts by a StreptavidinAlexa647 conjugate as described (Ramakrishnan et al. 2002) . Processed slides were scanned using an Axon GenePix Scanner with the laser set to 635 nm, a PMT voltage of 600, and a scan resolution of 10 µm.
Data Analysis
Slides were scanned using CodeLink Scanning Software (Motorola Life Sciences), and images for each slide were quantitated using the CodeLink Expression Analysis Software (Motorola Life Sciences). Signal intensities for each spot were calculated by summation of the pixel intensities for each spot, then the local background (based on the median pixel intensity of the area surrounding each spot) was subtracted. Whole array data normalization was performed independently for each slide by dividing each spot's intensity (after background subtraction) by the median signal intensity of all test probes. Hierarchical clustering was performed using the Pearson correlation coefficient in GeneSpring software (Silicon Genetics). 
